INTRODUCTION
At present, much effort is being directed toward the development of an objective and precise tool for animal welfare assessment (Hõrak et al., 2013) . The measure of corticosterone (CORT) in feathers has been introduced as a valid and easily obtainable measure of prolonged glucocorticoid secretion (Bortolotti et al., 2008 (Bortolotti et al., , 2009a . This measure provides integrated information of the past hypothalamic-pituitary-adrenal (HPA) axis activity (Bortolotti et al., 2008 (Bortolotti et al., , 2009a , and thus, meaningful interpretations of bird welfare state. Since the usefulness of feather CoRT (FCORT) was described, this new matrix has been used with different goals in conservation studies of wild birds. It has been used as a tool to associate physiology with feather coloration, feather quality, and social signals (Bortolotti et al., 2009b; Lattin et al., 2011; Kennedy et al., 2012; Martínez-Padilla et al., 2013) . It has also been applied to assess health condition (Harms et al., 2010; Koren et al., 2012) and to comprehend relationships between habitat and animal physiology (Fairhurst et al., 2011 (Fairhurst et al., , 2013 , among other applications. Nonetheless, research in the possibilities and potential offered by this matrix is still in its beginnings, with important gaps hindering proper interpretation (Hõrak et al., 2013) .
Glucocorticoids in feathers have never been used before as a valid tool to assess welfare in farm broilers. The current study attempts to validate a tool for broiler welfare assessments by measuring CoRT levels in feathers, providing a stable and objective physiological record.
The development of an ELISA to detect FCoRT would be advisable because, to date, RIA has been the common method used (Bortolotti et al., 2008) . The assay validation will allow us to test the hypothesis that ELISA is a useful implement to detect CoRT deposited in feathers.
MATERIALS AND METHODS
Fieldwork was conducted at Xert (40°31′2″ North, 0°9′37″ East, Valencia, Spain) from May 1 to June 15, 2013. The group of animals consisted of 8,000 broilers located in a 1,000 m 2 industrial area and was kept under conditions regulated by the national legislation (RD 692/2010). Twenty-two commercial broilers ran-
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domly selected were evaluated at the age of 44 d, when samples were collected. Four to 6 feathers from each individual were pulled from the interscapular area. All the feathers were collected the same day and individually stored at room temperature until analysis.
Feather CORT Measurement
The CoRT was extracted from feathers using a methanol-based technique modified from that previously described by Bortolotti et al. (2008) . Bortolotti et al. (2009a) previously showed that feathers with fault bars contain significantly more CoRT than the adjacent sections lacking these deformities. Consequently, before feathers were minced, the number of fault bars was macroscopically recorded for each sample. Defects found consisted in the partial absence of barbs forming conspicuously marked transverse lines extending across the entire feather vane. Between 0 and 3 fault bars were recorded for each sample. The ELISA kits (Corticosterone ELISA kit; Neogen Corporation, Ayr, UK) were used to asses and quantify the CoRT concentration of feather samples following manufacturer instructions.
Assay Validation
The assay was validated following the essential criteria for the immunological validation: specificity, accuracy, precision, and sensitivity. Specificity was given by the dilution and parallelism test. Accuracy was calculated with the spike recovery. Precision was measured from intra-and interassay variability. Sensitivity was given by the smallest amount of unlabeled hormone distinguished and measured. Extracts from 20 birds were pooled for assay validation.
Intraassay CV was calculated by running ELISA samples by duplicate. Interassay precision was assessed running the same samples in different ELISA kits by duplicate. The dilution set ratios created using a single pool and the EIA buffer were 1:1, 1:2, 1:5, and 1:10. The dilution curve, and consequently, the linearity test were calculated by using the set ratios performed. Parallelism test was assessed by comparing 2 different calibration curves. one of them was the curve created through the ELISA kit standards. The other, was performed by adding known amounts of CoRT to the pool created with feather samples (modified standard). The spike recovery was assessed measuring the final recovery of CoRT added to the sample pools.
Statistical Analyses
Data obtained were analyzed using SAS software (version V.8, SAS Institute Inc., Cary, NC). A P-value lower than 0.05 was considered statistically significant.
To determine if the concentration of CoRT deposited on feathers differed between sexes, a Student t-test was performed. After that, a Pearson correlation was calculated between FCoRT and weight variables. Finally, the relation of the number of fault bars and values of FCoRT was studied using an ANoVA.
RESULTS

Assay Validation
Intraassay CV was 4.4%. The CV for interassay precision was 17.2%. Figure 1 shows the correlation line acquired in the linearity test, with an R 2 = 0.99. Hormone standards spiked with feather extracts produced a mean recovery percentage of 129.2 ± 49.7%. Results of the parallelism test are represented in the Figure  2 . To compare the parallelism of the correlation lines, the logarithm (log 10 ) of the FCoRT concentrations was performed. The slope of the line was 0.29 for the standard curve and 0.19 for the modified one, with an R 2 of 98 and 93%, respectively.
FCORT Concentrations
Mean FCoRT concentrations were 0.71 ± 0.55 for males and 0.76 ± 0.52 for females. All values were used to execute the statistical analysis.
Sex did not affect significantly FCoRT concentrations (P > 0.05; Figure 3 ). No significant correlation was found between FCoRT and the remainder variables, weight, and fault bars.
DISCUSSION
Results indicate that the methodology developed in this study, that includes the hormone extraction procedure and the EIA is an efficient tool to detect the amounts of CoRT deposited in broiler feathers. The FCoRT can be reliably measured by using RIA, the usual method used to measure CoRT in avian feathers (Bortolotti et al., 2008 (Bortolotti et al., , 2009a . The use of ELISA would reduce health hazards, costs of handling radioisotopes, radioisotope license requirements, and the short stability time associated with RIA (Sink et al., 2008) . Validation tests for FCoRT determination were assessed because no proper ELISA validation had been done before. Intra-and interassay CV were below 10 and 20%, respectively, displaying good assay precision. Linearity and parallelism tests yielded acceptable results. This is the first time that validation tests are performed to assess the capacity of ELISA in the detection of FCoRT concentrations in broiler feathers. Results obtained are promising, revealing that ELISA is feasible for FCoRT analysis.
No significant relationships were found between feather CoRT concentrations and physiological variables such as sex, weight, and fault bars in broilers. Because fault bars can be a useful trace of stressful events, more work has to be performed to check if this feature can be a valuable indicator in broilers.
To our knowledge, this is the first study that uses broiler feathers as a matrix that provides a retrospec-tive record of their HPA activity. These encouraging results beg the question as to whether this methodology can be applied in detecting FCoRT differences between healthy and unhealthy animals, and thus improve their welfare state.
